The objective was to study the level of monocyte-human leukocyte antigen-DR (mHLA-DR), an immune function-related biomarker, at 24 h after admission, to predict the outcomes of subjects with severe pneumonia. METHODS: Subjects with severe community-acquired pneumonia (n ‫؍‬ 102) were included in the study. Blood samples were collected from each subject 24 h after admission. Data regarding age, sex, P aO 2 /F IO 2 , comorbidities, occurrence of altered mental status, bacteremia, septic shock, Acute Physiology and Chronic Health Evaluation (APACHE) II score, and Sequential Organ Failure Assessment (SOFA) score within the first 24 h; the highest temperature within 24 h after admission; mechanical ventilation usage; timing of antibiotic therapy; ICU stay; and 28-d survival were collected. Expression of mHLA-DR was measured by flow cytometry. RESULTS: APACHE II score and SOFA score were significantly higher (P < .001), whereas the mHLA-DR expression was significantly lower (P < .001) in the non-survivors than in the survivors. The outcomes at day 28 after admission were significantly associated with the APACHE II score (P ‫؍‬ .002, odds ratio [OR] ‫؍‬ 1.27, 95% CI 1.10 -1.48), the SOFA score (P ‫؍‬ .003, OR ‫؍‬ 1.52, 95% CI 1.15-2.00), and mHLA-DR level (P ‫؍‬ .01, OR ‫؍‬ 0.91, 95% CI 0.85-0.98), as shown by logistic regression. The area under the receiver operating characteristic curve was 0.877 (95% CI 0.81-0.94, P < .001), 0.862 (95% CI 0.79 -0.93, P < .001), and 0.781 (95% CI 0.69 -0.87, P < .001) for APACHE II score, SOFA score, and the mHLA-DR expression, respectively. The optimal threshold for mHLA-DR level was 27.2%. Kaplan-Meier survival analysis showed that subjects with mHLA-DR > 27.2% had significantly better outcomes compared with < 27.2% level (P < .001, log rank test, hazard ratio ‫؍‬ 0.963, 95% CI 0.94 -0.99). CONCLUSIONS: mHLA-DR may be a reliable biomarker that can predict the outcomes of patients with severe community-acquired pneumonia, and 27.2% may be the cut-off value to predict the outcomes.
Introduction
Currently, 10% of patients with pneumonia require treatment in the ICU, and the mortality rate of such patients is as high as 30 -40%. 1 Thus, early identification and management of patients with severe pneumonia is important. The consensus guidelines on the management of community-acquired pneumonia in adults issued by the Infectiousin 2007 2 developed the diagnostic criteria of severe pneumonia, which recommended that such patients should be treated in the ICU. However, to date, no simple and universally accepted biomarker is available for the prediction of the outcomes of patients with severe pneumonia in clinical practice.
Several studies over the past few years have demonstrated that monocyte human leukocyte antigen-DR (mHLA-DR) is a potential biomarker in predicting the outcomes of subjects with certain diseases (including sepsis, severe pancreatitis, non-small cell lung cancer, cirrhosis, and secondary infection), [3] [4] [5] [6] [7] [8] although some studies have contrasting results. [9] [10] [11] The immune system plays an important role in the development, progression, and prognosis of pneumonia, 12 which suggests that this widely accepted immune function-related biomarker may predict outcomes in patients with severe pneumonia. Until now, no studies have investigated the prognosis prediction value of mHLA-DR in patients with severe pneumonia. Only a few studies have shown that the expression of mHLA-DR is down-regulated in subjects with pneumonia. [13] [14] [15] Compared with previous studies, which dynamically measured mHLA-DR level at different time points for different diseases, [5] [6] [7] [8] the present study investigated the expression of mHLA-DR at 24 h after admission. This study measured the outcomes in subjects with severe pneumonia on day 28 and evaluated the feasibility of using mHLA-DR measured at 24 h in predicting the prognosis of such subjects.
Methods

Subjects
In this prospective study, subjects with severe community-acquired pneumonia who were treated in the emergency ICU of the Shanghai Tenth People's Hospital were included, and the data were analyzed prospectively. The inclusion criteria were: patients who (1) were transferred to the ICU for treatment within 24 h and (2) met the diagnostic criteria of severe community-acquired pneumonia. The diagnosis of severe pneumonia was performed according to the guidelines issued by the Infectious Diseases Society of America/American Thoracic Society in 2007 2 ; patients with one of the major criteria or 3 or more of the secondary criteria were considered to be suffering from severe pneumonia. The major criteria for diagnosis include: patients who (1) require invasive mechanical ventilation and (2) require vasopressor treatment due to septic shock. The secondary criteria for diagnosis include patients with the following conditions: (1) breathing frequency Ն 30 breaths/min; (2) oxygenation index (P aO 2 /F IO 2 ) Յ 250; (3) multilobar infiltrates (Ͼ 2 lobes); (4) altered mental status/disorientation; (5) azotemia (blood urea nitrogen Ն 20 mg/dL); (6) leukopenia (white blood cells Ͻ 4.0 ϫ 10 3 /mL); (7) thrombocytopenia (platelet count Ͻ 100 ϫ 10 3 /mL); (8) hypothermia (temperature Ͻ 36°C); and (9) need for aggressive resuscitation due to hypotension.
Patients were excluded if they fulfilled any of the following criteria: (1) age Ͼ 90 y or Ͻ 14 y; (2) diagnosis of other severe infection; (3) severe dysfunction in other organs; (4) malignancy or autoimmune diseases; (5) treatment with immune-related medicines (adrenal corticosteroids, calcineurin inhibitors, alkylating agents, antimetabolites, antibodies, levamisole, interleukin, interferon, transfer factor, thymosin, etc) before admission to ICU; (6) treatment with radiochemotherapy or cardiopulmonary resuscitation; or (7) patient or family refusal to participate in the study.
Clinical Methods
Etiological examinations were performed in all subjects who were included in the study. Standard treatments, such as oxygen therapy, organ function support, nutritional support, and symptomatic treatments, were performed for all of the included subjects according to the recommendations of the Infectious Diseases Society of America/American Thoracic Society. 2, 16 A blood sample was collected 24 h after admission. Data such as age, sex, P aO 2 /F IO 2 , comor-
QUICK LOOK
Current knowledge
Currently, 10% of patients with pneumonia require treatment in the ICU, and the mortality rate is 30 -40%. The early identification and management of patients with severe pneumonia are important. Consensus guidelines on the management of community-acquired pneumonia in adults recommend that these patients be treated in the ICU. However, to date, no simple and universally accepted biomarker is available for the prediction of the outcomes of patients with severe pneumonia.
What this paper contributes to our knowledge
Immune dysfunction was common in subjects with severe pneumonia. Predicting the outcomes of subjects with severe community-acquired pneumonia using monocyte-human leukocyte antigen-DR level at 24 h after admission appeared to be feasible and effective. Monocyte-human leukocyte antigen-DR level Ͻ 27% at 24 h after admission predicted poor outcomes in these subjects.
bidities, occurrence of altered mental status, bacteremia, septic shock, Acute Physiology and Chronic Health Evaluation (APACHE) II score, and Sequential Organ Failure Assessment (SOFA) score within the first 24 h were collected. Follow-up data for the subjects for the highest temperature within the first 24 h, utilization of mechanical ventilation, timing of antibiotic therapy, ICU stay, and 28-d survival of the subjects were collected. Death was diagnosed according to the clinical death standard, namely the occurrence of cardiorespiratory arrest. Follow up and data collection were performed by trained investigators. The clinicians who were in charge of the treatment of subjects were blinded to the collected data. The present study was approved by the Ethics Committee of the Shanghai Tenth People's Hospital. Written informed consent was obtained from all subjects or their family members before entering the study.
Sample Collection and Processing
Collection of Whole Blood Samples. A whole blood sample was collected from each subject with severe pneumonia 24 h after transfer to the ICU. The blood was collected into an ethylenediaminetetraacetic acid anticoagulant tube and stored at room temperature. The blood collection was performed by trained eligible medical officers under the supervision of quality control investigators.
Measuring the Expression of mHLA-DR With a Flow
Cytometer. After blood collection, staining and fixation were performed within 24 h; 30 l of anti-human leukocyte antigen-DR (HLA-DR) fluorescein isothiocyanate (eBioscience, 11-9952) and 20 l of CD14-PE (BD Pharmingen, 555398) were added to the tube. Murine antihuman monoclonal antibodies (IgG2a-PE [BD Pharmingen] and IgG2a-fluorescein isothiocyanate [eBioscience]) were used as the isotype control; anti-coagulant blood (50 l) was then placed at room temperature in the dark; 2 mL of a 10-fold dilution of 1 ϫ lysing solution (LSB03, MultiSciences Biotech, Hangzhou, China) was added; and the mixture was again placed at room temperature in the dark. After the mixture turned translucent, it was centrifuged at 236 g for 5 min, and the supernatant was discarded. The cells were resuspended, and 2 mL of phosphate buffer solution was added. After centrifugation at 236 g for 5 min, the supernatant was discarded. Then 0.3 mL of 1% paraformaldehyde was added, and the mixture was stored at 4°C until measurement using a flow cytometer (BD FACS Canto Flow Cytometer II 338960, BD Biosciences, San Jose, California) within 24 h. CD14 ϩ cells were determined to be monocytes.
Data Processing and Statistical Analysis
Results of mHLA-DR examined by flow cytometry were expressed as the percentage of HLA-DR-positive monocytes in all of the monocytes and were divided into 2 groups, survivors and non-survivors, according to the outcomes at day 28 after admission. An independent t test was used to compare the differences in the quantitative data (including age, hospital stay, timing of antibiotic therapy, temperature, P aO 2 /F IO 2 , APACHE II score, SOFA score, and mHLA-DR level) between the 2 groups, and a chisquare test was used to compare the differences in the qualitative data (including sex, etiology, comorbidities, altered mental status, bacteremia, septic shock, and mechanical ventilation). Binary logistic regression estimated the odds ratios (ORs), and the corresponding 95% CI values reflected the association between the outcomes at day 28 after the admission and APACHE II score, SOFA score, or mHLA-DR level in subjects with severe pneumonia; the receiver operating characteristic curve was also used to estimate the predictive value of these 3 parameters. The optimal threshold was determined by sensitivity and specificity (Youden's index). Kaplan-Meier survival curves were used to define the optimal threshold for survival in both groups. All of the statistical analyses were performed using SPSS 19.0 software. Quantitative data (age, temperature, P aO 2 /F IO 2 , APACHE II score, SOFA score, expression of mHLA-DR, timing of antibiotic therapy, and ICU stay) were expressed as mean Ϯ SD, whereas qualitative data (sex, etiology, comorbidities, altered mental status, bacteremia, septic shock, and mechanical ventilation) were expressed as frequencies (percentages). P Ͻ .05 was considered statistically significant.
Results
General Characteristics of the Subjects
A total of 102 subjects with severe pneumonia were successfully followed up, and the completed data were used for the statistical analyses. Tables 1 and 2 show the general characteristics of the subjects, scores, and treatment in the survivors and non-survivors, respectively. There were statistically significant differences in terms of the number of malnourished subjects (P ϭ .02), number of subjects with altered mental status (P ϭ .001), number of subjects with septic shock (P ϭ .001), APACHE II score (P Ͻ 0.001), SOFA score (P Ͻ 0.001), timing of antibiotic therapy (P Ͻ 0.001), and ICU stay (P Ͻ 0.001) between the survivors and non-survivors. The other features were not significantly different between these 2 groups.
Outcomes of Subjects With Severe Pneumonia and Association With the APACHE II Score and/or mHLA-DR
The APACHE II score and SOFA score were significantly higher in the non-survivors than in the survivors (P Ͻ .001, independent t test, Fig. 1 ). The mHLA-DR level was significantly lower in the non-survivors than in the survivors (P Ͻ .001, independent t test, Fig. 1) . The outcomes at day 28 after admission were significantly associated with the APACHE II score (13.29 Ϯ 7.09 and 26.61 Ϯ 8.68 for the survivors and non-survivors, respectively; P ϭ .002, OR ϭ 1.27, 95% CI 1.10 -1.48, binary logistic regression), the SOFA score (4.48 Ϯ 2.76 and 9.11 Ϯ 3.66 for the survivors and non-survivors, respectively; P ϭ .003, OR ϭ 1.52, 95% CI 1.15-2.00, binary logistic regression), and mHLA-DR level (31.26 Ϯ 12.10 and 17.89 Ϯ 12.10 for the survivors and non-survivors, respectively; P ϭ .01, OR ϭ 0.91, 95% CI 0.85-0.98, binary logistic regression). However, the association be- 
Determination of the Predictive Value of APACHE II Score and mHLA-DR Expression
The area under the receiver operating characteristic curve was 0.877 (95% CI 0.81-0.94, P Ͻ .001), 0.862 (95% CI 0.79 -0.93, P Ͻ .001), and 0.781 (95% CI 0.69 -0.87, P Ͻ .001) for the APACHE II score, SOFA score, and mHLA-DR expression, respectively, suggesting that all of these parameters had predictive values ( Fig. 2A) . According to Youden's index (sensitivity was 84.1%, and specificity was 58.6%), 27.2% was the optimal threshold for mHLA-DR. Thus, the expression of mHLA-DR in 20 subjects (34.5%) in the survivors (n ϭ 58) and 37 (84.1%) in the non-survivors (n ϭ 44) was below the threshold value. Kaplan-Meier survival analysis, which was performed using the threshold of mHLA-DR, showed that subjects with mHLA-DR Ն 27.2% had significantly better outcomes than those with mHLA-DR Ͻ 27.2% (P Ͻ .001, log rank test, hazard ratio ϭ 0.963, 95% CI 0.94 -0.99, Fig. 2B ).
Discussion
In the present study, flow cytometry analysis was used to evaluate the expression of mHLA-DR at a single time point, 24 h after admission, and revealed that subjects with severe pneumonia had different degrees of immune suppression. The mHLA-DR level at 24 h after admission was significantly associated with the outcomes of these subjects, which may suggest its feasibility to predict outcomes in patients with severe pneumonia (area under the curve ϭ 0.781), and 27.2% was the best threshold for prediction of the outcomes of the subjects (sensitivity of 84.1% and specificity of 58.6%).
Currently, pneumonia still remains one of the major causes of death globally, despite advances in treatment. 17 Early diagnosis of severe pneumonia can enable patients to receive immediate medical attention by transferral to the ICU for further treatment, 18 and appropriate early intervention may improve their outcomes. 19 However, blindly depending on clinical presentations, routine examinations, and scoring systems may substantially reduce the accuracy of predicting the outcomes of severe pneumonia in patients, delaying treatment. Considering the significant role of immunity in severe pneumonia and the reversibility of immune suppression, 12, 20 we hypothesized that the measurement of an immune-related biomarker at a single time point might help clinicians to predict severe pneumonia with poor outcomes that should be treated in the ICU. The present study confirmed the importance of mHLA-DR in predicting outcomes of subjects with severe infections.
HLA-DR is a major histocompatibility antigen-II expressing at the highest level in human beings and mainly distributed in monocytes, B lymphocytes, and endothelial cells. The primary function of HLA-DR is to present peptide antigens that activate T helper cell responses and lead to the production of antibodies against the same peptide antigen, and its expression has been shown to be regulated by the sum of the effects of multiple mediators, such as interferon-␥, interleukin-10, corticoids, and catecholamines, 21 which may make its level fluctuate with those mediators in the process and enable it to be a potential marker for immunosuppression in critically ill patients. Expression of HLA-DR is reduced during immune suppression following the hyperinflammatory period, and vice versa. The recommendation by Volk et al 22 suggests that patients with mHLA-DR Ͻ 30% should be considered as immunosuppresed, and this has been widely accepted. Generally, the HLA-DR level in patients with better outcomes of sepsis recovers in 1 week after administration. 6, 23 Infection may be aggravated or uncontrolled in patients with immunosuppression, sometimes even causing death. 24 Meisel et al 20 and Schefold et al 25 demonstrated that awareness of the levels of mHLA-DR may help in guiding immunomodulatory therapy, shortening mechanical ventilation time and the duration of hospital stay. In recent years, several studies have shown that mHLA-DR is a valuable factor that can predict the outcomes of subjects with sepsis, severe pancreatitis, non-small cell lung cancers, cirrhosis, and secondary infections [3] [4] [5] [6] [7] [8] ; some studies concluded otherwise, as the investigators suggested that mHLA-DR is not an independent factor that affects the outcomes of subjects and pointed out the limitations of flow cytometer examinations. [9] [10] [11] The immune system plays an important role in the development and progression of pneumonia, and mHLA-DR is a widely accepted biomarker that can reflect the immune functions. 12 A few studies have shown that the expression of mHLA-DR is down-regulated in pneumonia subjects, [13] [14] [15] although there has been no study that has determined the importance of mHLA-DR in predicting the prognosis of severe pneumonia in patients. We believe that it is worth investigating its feasibility and value in predicting the prognosis of severe pneumonia in patients. Because the times for measuring the mHLA-DR level and the parameters to evaluate the prognosis of subjects were different in previous studies, the findings of the present study provide valuable evidence for future studies investigating the value of mHLA-DR to predict the outcomes of subjects with severe pneumonia as well as using this biomarker in treating patients with severe pneumonia in clinical practice.
In the present study, the mHLA-DR level of subjects with severe pneumonia was detected at a single time point, which was 24 h after admission, for the following reasons.
(1) It takes 24 h for clinicians to fully understand the disease conditions of patients and to determine the initial intervention. (2) Payen et al 26 compared subjects with single organ failure with those with multiple organ failure and found that 24 h could be the earliest turning point for mHLA-DR to recover. Delayed recovery of mHLA-DR level could significantly affect the mortality rate and secondary infection rate in such patients. (3) Severe pneumonia has an acute onset and rapid progression; thus, clinicians need to decide the specific treatment as early as possible to improve the outcomes of the patients. (4) Measuring the level at one single time point could facilitate the clinical application and explanation. Monneret et al 27 found that the expression of mHLA-DR in the survivors and non-survivors with septic shock was not significantly different until days 3 and 4. We speculated that the difference of the time of expression of the biomarker in our study could be affected by the different diseases investigated; however, the optimal time for measuring mHLA-DR expression in patients with severe pneumonia must be further investigated.
Patients with disease that had a tremendous impact on immune status were excluded from the study, and the comorbidities that may affect the immune function are listed in Table 1 . [28] [29] [30] [31] Only the number of malnourished subjects displayed a significant difference between the survivors and non-survivors. However, considering the limited number of malnourished subjects and limited association with mortality as shown by logistic regression, it could be deduced that severe community-acquired pneumonia was the main factor that caused the changes of mHLA-DR and mortality.
After measuring the mHLA-DR level at 24 h after admission, we also found that the mHLA-DR level in subjects with severe pneumonia was generally below 30% (25.49%). This value was significantly lower in the nonsurvivors compared with the survivors, suggesting that immune suppression is a common condition in the early stage in severe pneumonia, and the suppressive degree is associated with poorer outcomes of subjects. The threshold (cut-off value) was determined to be a 27.2% mHLA-DR level, and the subjects with an mHLA-DR level above or below this value had significantly different outcomes. Because 27.2% is close to 30% (the value that has been widely accepted), the findings of the present study showed that immunity plays a crucial role in the prognosis of subjects with severe pneumonia, and mHLA-DR is a reliable factor that reflects the immune functions of patients.
The findings of the present study also determined the predictive value of the APACHE II score and SOFA score for outcomes at day 28 in subjects with severe pneumonia. We found that the mHLA-DR level at 24 h after admission could predict the outcomes in subjects with severe pneumonia, with the area under the curve slightly lower than that of the APACHE II score and SOFA score. In a study conducted in subjects with sepsis, Perry et al 32 found that the value of the mHLA-DR level was greater than that of the APACHE II score in predicting outcomes. We believe that the difference observed is due to differences in the disease type, sampling time, and parameters used to evaluate the outcomes. In addition, both APACHE II and SOFA tend to evaluate the overall function of patients, whereas mHLA-DR focuses on the immune function of patients at a given time point. The study suggests that the use of mHLA-DR levels to evaluate the immune function of patients, in addition to using the APACHE II score or SOFA score, could be a better strategy for early identification of the disease and/or for ensuring early admittance of patients with possible poor outcomes to the ICU for specific treatments.
There are several limitations in the present study.
(1) The sample size was relatively small. Further multi-center studies with a larger sample size are needed to validate our findings. (2) The time from disease onset to admission should be recorded and adjusted. (3) Other biomarkers should be also analyzed and compared with mHLA-DR to select the best predictive biomarker. (4) Dynamic observation of mHLA-DR should be further carried out. In future studies, measures should be taken to avoid these limitations.
Conclusions
Immune dysfunction is very common in patients with severe pneumonia. Predicting the outcomes of patients with severe community-acquired pneumonia with mHLA-DR level at 24 h after admission may be feasible and effective. An mHLA-DR level Ͻ 27.2% at 24 h after admission may predict poor outcomes in patients.
